Background: Survivors of childhood, adolescent, and young adult cancer are known to be at risk of late effects of their disease and its treatment. Most population-based studies of cancer survivors have reported on second primary cancers and mortality. The aim of this study was to research acute and psychiatric hospital admission rates and length of stay in 5-year survivors of cancer diagnosed before the age of 25 years.
sequelae, neurocognitive dysfunction, and psychosocial manifestations (Bhatia and Constine, 2009; Edgar et al, 2009; Mulrooney et al, 2009; Recklitis et al, 2010; Brinkman et al, 2013; Lund et al, 2013; Scottish Intercollegiate Guidelines Network, 2013; .
There have been a number of studies of late morbidity and late mortality arising in long-term survivors of childhood, adolescent, and young adult cancer. However, most of the population-based studies have focused on mortality whereas studies of morbidity have often been conducted in selected populations of patients.
We have previously described the mortality experience of a population-based cohort of 5-year survivors of childhood, adolescent, and young adult cancer originally diagnosed between 1981 and 2003 in Scotland (Brewster et al, 2013) . The aim of the present study was to describe patterns of hospitalisation as a surrogate measure of morbidity in the same cohort of patients.
MATERIALS AND METHODS
We performed a population-based retrospective cohort study to investigate acute and psychiatric hospital admission rates and length of stay in 5-year survivors of cancer diagnosed during childhood, adolescence, or early adulthood (both for all conditions combined and for specific diagnoses). Analyses were based on a national linked database, achieved by probability matching and comprising acute hospital discharge records, psychiatric hospital records, cancer registrations, and mortality records (Kendrick and Clarke, 1993) . Estimates based on clerical checking suggest that rates of false positive and false negative linkages are maintained below 1% (Kendrick, 1997) . False positive and false negative links are likely to be less common nowadays because of more widespread availability and use of the Community Health Index number, a unique identifying number in Scotland. Emigrations of patients registered with cancer from Scotland to other UK countries are notified to the cancer registry by the National Health Service Central Register (NHSCR), allowing censoring of data for these individuals.
The study population comprised patients registered with the Scottish Cancer Registry who had survived at least 5 years after the diagnosis of a first cancer in childhood, adolescence, or young adulthood (age between 0 and 24 years). We included data for individuals whose year of diagnosis was in 1981 or subsequent years up to 2003.
In relation to first cancer, the study population was re-classified according to the third edition of the International Classification of Childhood Cancer (ICCC-3) (0-14 year olds) (Steliarova-Foucher et al, 2005) and the most up-to-date version of the diagnostic classification of cancer in adolescents and young adults developed by Birch et al (2002) (15-24 year olds) . The data were then mapped to a common 'study classification'. As described previously (Brewster et al, 2013) , this was based primarily on ICCC-3 but with separation of group XI (other malignant epithelial neoplasms and malignant melanomas) into two categories: (1) melanoma and skin carcinomas and (2) other carcinomas, excluding renal, hepatic, gonadal, and skin. Mapping of cancers in adolescents and young adults was based initially on specific morphology codes (sometimes in combination with topography codes); thereafter, the mapping was based on groups and subgroups within the Birch et al classification (see Appendix 1).
As an indicator of socio-economic position, based on postcode sectors of residence at the time of original diagnosis, individuals were assigned to fifths of Carstairs deprivation scores by applying 1981, 1991, and 2001 census-derived Carstairs scores to the periods of diagnosis 1981-1985, 1986-1995, 1996-2003 , respectively. The Carstairs deprivation index is based on the small area of residence, and is derived from four variables collected at each decennial census: social class, unemployment, overcrowding, and car ownership (Morris and Carstairs, 1991) .
Four main analyses defined by four main end points of interest were carried out, focussing on (1) the total number of bed days spent in acute hospitals; (2) incident cases of non-psychiatric disease-specific morbidity as defined by first ever admission to acute hospitals with particular diagnoses; (3) the total number of bed days spent in psychiatric hospitals; and (4) incident cases of psychiatric disease-specific morbidity as defined by first ever admission to psychiatric hospital with particular diagnoses. Indirectly standardised bed days ratios (SBDRs) and hospitalisation ratios (SHRs) were calculated for all diagnoses combined (SBDR and SHR) and for specific diagnoses (SHR only-see Appendix 2), using the general population as an external comparison group to generate expected numbers of bed days/ admissions (based on age-, sex-, deprivation category-, and calendar period-specific rates of in-patient bed days or diseasespecific admissions). For SBDRs, follow-up was from 5 years after diagnosis to date of emigration, date of death, or end of 2009, whichever occurred first. For SHRs, follow-up was from 5 years after diagnosis to date of first hospital admission (for a relevant diagnosis), date of emigration, date of death, or end of 2009, whichever occurred first. Absolute excess risks (AERs) were calculated as the observed minus the expected number of bed days or hospital admissions divided by the number of person-years at risk and expressed as the rate per 100 cancer survivors per year. In this context, the AER reflects the additional burden of hospitalisation beyond background levels. 95% confidence intervals around SBDRs, SHRs, and AERs were calculated based on the assumption that the observed numbers of bed days/admissions followed a Poisson distribution. Standardised bed days ratios and SHRs with 95% confidence intervals that did not include the value 1.0 were regarded as statistically significantly different from those observed in the general population. Cumulative incidence was estimated using the Kaplan-Meier method, and differences in cumulative incidence according to socio-economic position were assessed for statistical significance using the log-rank test.
RESULTS
From an original cohort of 6980 children and young people diagnosed with cancer in Scotland between 1981 and 2003, the study population comprised 5229 individuals who had survived for at least 5 years after the date of diagnosis of their primary cancer. Overall, beyond the point of 5-year survival, they contributed 58 359 person-years of follow-up for the SBDR analyses, and 31 214 and 57 769 person-years of follow-up for the SHR analyses of acute hospital admissions and psychiatric hospital admissions, respectively.
In general, SBDRs (and SHRs) were little altered by standardisation for deprivation. For the sake of comparability with other studies, the results presented here are standardised for age and sex only. Overall, the study population experienced 52 295 in-patient bed days in acute hospitals, yielding an SBDR of 3.7 (95% confidence interval 3.6-3.7). This corresponds to an AER of 64.8 (64.4-66.9 ) in-patient bed days per 100 cancer survivors per year (observed rate 89.6 and expected rate 24.8). Standardised bed days ratios were higher in patients whose cancer was diagnosed at a young age and in patients from deprived areas of residence; they decreased with increasing follow-up time; and they varied substantially by type of primary cancer, ranging from 1.3 (1.2-1.3) in patients originally diagnosed with melanoma and skin carcinomas to 11.4 (10.2-12.7) in patients originally diagnosed with hepatic tumours (Table 1) . Table 2 shows, for selected primary cancers, SHRs for broad diagnostic categories based on the acute hospital discharge data. For all primary cancers combined, and for all subsequent diagnoses combined, the SHR was 2.8 (2.7-2.9), corresponding to an AER of 6.4 (6.0-6.6) hospital admissions per 100 cancer survivors per year (observed rate 9.9 and expected rate 3.5). Standardised hospitalisation ratios were significantly increased for most diagnostic categories, including neoplasms (disease recurrences and subsequent primaries combined). Of particular note, high SHRs are seen for endocrine disease (including diabetes mellitus) in patients with a history of leukaemia or CNS tumours; for diseases of the nervous system in patients with CNS tumours, leukaemia, or soft tissue sarcomas; for diseases of the circulatory system in patients with leukaemia and bone tumours (as well as specifically cardiomyopathy following leukaemia and soft tissue sarcoma, and cerebrovascular disease following leukaemia and CNS tumours); for diseases of the respiratory system in patients with leukaemia; for congenital malformations in patients with CNS tumours and soft tissue sarcoma; and for external causes in patients with bone tumours. Figures 1 and 2 show, respectively, for all 5-year survivors, the cumulative incidence of diseases of the respiratory system and external causes of morbidity and mortality by deprivation fifth. The cumulative incidence of both of these broad categories of Table 1 . Characteristics of the study population of 5-year survivors of cancers diagnosed under 25 years of age in Scotland 1981 Scotland -2003 , observed number of in-patient bed days beyond 5 years after their first cancer diagnosis, indirectly standardised bed days ratio (SBDR), and 95% confidence intervals (based on acute hospital discharge data and psychiatric hospitalisation data) disease was significantly higher among the most compared with the least deprived fifth of the population (Po0.001) with divergence over time.
In relation to psychiatric hospitalisation, the study cohort experienced 5631 bed days, corresponding to an SBDR of 0.4 (0.4-0.4). Although lower than expected compared with the Scottish population, SBDRs were higher in females than in males, in patients from less deprived areas of residence, and during the second decade of follow-up. They were higher than expected in patients originally diagnosed with CNS tumours (1.3, 1.2-1.3), renal tumours (2.3, 2.1-2.5), and other and unspecified neoplasms (1.3, 1.2-1.5) ( Table 1) . Table 3 shows, for all primary cancers combined and for CNS tumours, SHRs for broad diagnostic categories based on the psychiatric hospitalisation data. For all primary cancers combined, and for all subsequent diagnoses combined, the SHR was 0.9 (0.8-1.2). Overall, there were no significantly increased SHRs for any category of mental illness diagnostic group recorded during hospitalisation. However, for patients with a history of CNS tumours, higher than expected SHRs were seen for organic mental disorders, such as 'subacute confusional state ' (12.8, 3.5-32.6 ).
DISCUSSION
We have shown that 5-year survivors of cancer diagnosed before the age of 25 years remain at increased risk of admission to acute hospitals and of spending more time in hospital than the general population of similar age and sex. However, the AER of hospital admission is low, reflecting relatively low background risks of hospitalisation among young people. Increased risks of hospitalisation with specific conditions are largely consistent with established late effects of cancer and its treatment (Scottish Intercollegiate Guidelines Network, 2013; . The risk of spending time in hospital seems particularly high among survivors of cancer diagnosed at a very young age. This may reflect the patterns of cancers diagnosed in this age group, which determines the intensity of therapy and its impact on child growth and development. In contrast, members of our study population were not at higher risk of admission to psychiatric hospital, and they spent significantly less time as psychiatric in-patients than the population as a whole. However, patients with a history of CNS tumours spent more time than expected in psychiatric hospital. Our study has a number of strengths. In Scotland, the National Health Service (NHS) is funded by taxation and free at the point of use. The absence of barriers to treatment, such as charges, means that we expect to have identified most hospital in-patient-related morbidity from routinely collected data. Thus, while our study focuses on the more severe end of the spectrum of diseases leading to hospitalisation, it can nevertheless be regarded as effectively population based. As such, it is not subject to some of the biases associated with self-reporting (Taylor et al, 2010) , non-participation (Mulrooney et al, 2009) , and studies from specialist centres (Ness et al, 2009) .
Scottish Cancer Registry data have been shown to be of comparatively high quality (Brewster et al, 1997 (Brewster et al, , 2002 and record linkage between routinely collected NHS and mortality records is believed to be highly accurate and complete (Kendrick and Clarke, 1993; Kendrick, 1997) . Hospitalisation data are supported by an active programme of quality assurance including regular assessments of data quality. In relation to discharges from acute hospitals, the accuracy of coding of main diagnosis has been estimated to be around 88% overall and has been relatively stable for around 20 years (Information Services Division, 2012) .
Compared with analyses using mortality data, hospitalisation data yield more events occurring sooner (for example, during follow-up, there were 13 incident cases of cardiomyopathy compared with only two deaths). Unlike many other studies, it was possible to standardise our analyses for socio-economic deprivation at the time of cancer diagnosis, although this made little difference to the results. This could reflect limitations of the area-based indicator of deprivation that we used (Morris and Carstairs, 1991) .
Our study also has a number of limitations. The fact that the outcomes assessed are based on hospitalisation means that we have not been able to identify and quantify less serious morbidity which may nevertheless be important to patients (Taylor et al, 2010) . Admissions to private hospitals will not have been captured, although the use of private health services by the age group being studied is very low. The absence of comprehensive information on cancer treatment means that it is not possible to associate specific sequelae with specific modalities of therapy. Our study population and duration of follow-up are smaller than in some other studies, which limit the capacity to carry out subgroup analyses. At the same time, the application of multiple tests of statistical significance has increased the risk of a type I error (spurious statistically significant findings). Finally, some members of the cohort may have emigrated from Scotland without this being recorded and are therefore lost to follow-up, but we believe that the proportion of unrecorded emigrations from the cohort is low. We are only aware of one study (in British Columbia) that has used non-psychiatric hospitalisation data to investigate late effects of cancer in early life (Bradley et al, 2010; McBride et al, 2010; Lorenzi et al, 2011) , although a similar study is planned in England (Hawkins, 2010) . The British Columbia study has shown higher rates of hospitalisation among survivors of cancer diagnosed below the age of 20 years (Bradley et al, 2010) , with risks varying by type of primary cancer, but highest subsequent risks for neoplasms (including second primary cancers) (Lorenzi et al, 2011) . Although the US Childhood Cancer Survivor Study cohort has also reported higher than expected hospitalisation rates, their results were based on the self-reported data and were subject to incomplete participation (Kurt et al, 2012) .
We are only aware of a single study (in Denmark) that used cancer registration data linked to routine psychiatric hospitalisation data to investigate psychiatric hospitalisations among survivors of cancer in childhood or adolescence (Ross et al, 2003) . The authors found no evidence of an increased risk of admission except among survivors of brain tumours, which is consistent, in part, with our own findings. However, a recent update of the Danish study showed an increased risk of hospital contact for mental disorders, especially in children younger than 10 years at diagnosis, and in survivors of CNS tumours, haematological malignancies, and solid tumours (Lund et al, 2013) . Despite these findings, the fact that psychosocial sequelae of childhood cancer are well recognised (Recklitis et al, 2010; Brinkman et al, 2013) , and that antidepressant use has been shown to be higher among survivors of childhood, adolescent, and young adult cancer in British Columbia (Deyell et al, 2013) , our data suggest an overall lower risk of serious psychiatric morbidity leading to in-patient admissions. This may reflect an inadequate period of follow-up, or it may indicate that survivors of cancer at a young age develop resilience and a degree of resistance to serious mental illness. At the same time, the SHR for all mental and behavioural disorders combined was not significantly lower than expected, suggesting that the lower SBDR is a reflection of case mix.
In relation to some of our specific findings, the increased risk of neoplasms was expected, especially as this category included admissions for recurrence of the originally diagnosed cancer, as well as for subsequent independent primary cancers. Recurrent disease accounts for part of the total burden of hospitalisations for cancer survivors, whereas at least a proportion of new primary cancers are likely to represent late effects of treatment.
An increased risk of subsequent diabetes mellitus has been associated previously with total body irradiation, abdominal irradiation, cranial irradiation (though not after adjustment in a multivariable model), use of alkylating agents, and younger age at diagnosis (Meacham et al, 2009) . Although diabetes is known to be poorly recorded in hospital admission data for adults (Anwar et al, 2011) , we think it highly unlikely that differential completeness of reporting between cohort members and the general population would have influenced our finding of higher ratios for hospitalisation with diabetes among cancer survivors than among the general population.
The cardiotoxic effects of radiation therapy to the chest and some chemotherapy agents are well established (van der Pal et al, 2012; Lipshultz et al, 2013) . The particularly high SHRs for cardiomyopathy that we found in survivors of leukaemia and soft tissue sarcoma seem most likely to be related to past exposure to anthracycline-based therapy.
Although, in our acute hospitalisation analysis, the overall SHR for suicide, intentional self-harm, and undetermined intent is significantly higher than expected (4.3, 95% confidence interval 3.6-5.2), in our previously published analysis of mortality data, the standardised mortality ratio for suicide was not significantly increased (SMR 1.1, 95% confidence interval 0.6-2.0) (Brewster et al, 2013) . These findings are consistent with other studies. For example, in a Neurotic, stress-related and somatoform disorders 18 0.8 0. recent study based on the US Childhood Cancer Survivor Study cohort, adult survivors were found to be significantly more likely to have suicide ideation than a group of non-cancer controls. Suicide ideation was strongly associated with survivors' physical health, even many years after the completion of therapy and when the effects of cancer diagnosis, treatment, and depression had been taken into account (Recklitis et al, 2010) . In contrast, the majority of large, population-based studies have not shown an increased risk of death by suicide among survivors of childhood cancer (Hawkins et al, 2007) . Associations between congenital anomalies and/or genetic factors and childhood cancer have been established in many studies (Little, 1999) . Specific associations include Li-Fraumeni syndrome and soft tissue sarcoma, CNS tumours, leukaemia, osteosarcoma, and adrenocortical carcinoma. In addition, neurofibromatosis has been associated with CNS tumours (although note that neurofibromatosis was classified as a neoplasm of uncertain behaviour in ICD-9; not until the introduction of ICD-10 (April 1996 for hospital data in Scotland) was it classified under congenital malformations). Although we found increased risks of hospitalisation with congenital malformations in all patients and especially those with a history of leukaemia, CNS tumours, and soft tissue sarcoma, it is important to bear in mind that some abnormalities could be secondary to the cancer (for example, hydrocephalus due to brain tumour).
Widening socio-economic inequalities in cumulative incidence of admissions for respiratory diseases and external causes may reflect, respectively, socio-economic patterning of smoking prevalence (Austin et al, 2005; Scottish Public Health Observatory, 2009 ) and of intentional self-harm and injuries of undetermined intent (Leyland et al, 2007) among young people that are already well recognised.
In summary, our study has shown that long-term survivors of cancer in childhood and young adulthood are at higher risk of subsequent admission to acute hospitals, but not psychiatric hospitals, compared with the general population. However, the absolute risk of admission to acute hospitals is low. Our study has also demonstrated the utility of routinely collected, linked hospitalisation records for high level monitoring of many serious, though not necessarily fatal late effects at a relatively low cost. Long-term clinical follow-up of survivors of childhood cancer should focus on the prevention and treatment of the late effects of cancer in those patients at highest risk of hospitalisation (Wallace et al, 2001; Edgar et al, 2013) . Late effects related to treatment for cancer may occur soon after treatment is completed, or may not become apparent for many years or decades. Lifelong follow-up of survivors is recommended as a current best practice (Scottish Intercollegiate Guidelines Network, 2013; ) and this will necessitate multidisciplinary collaboration between patients and their families, oncologists and other health professionals, including those in primary care to ensure early diagnosis, counselling and, where possible, timely initiation of appropriate treatments.
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